Introduction. Identification of pregnant alcohol risk drinkers is crucial to prevent adverse birth outcomes. The TWEAK screening instrument has shown promising results for identifying risk drinkers. However, as the effectiveness of the screening questionnaire has only been investigated among American women with mainly low socioeconomic status, we aimed to investigate the ability of TWEAK to identify alcohol risk drinkers among pregnant Danish women. Material and methods. During 2000, Danish-speaking women referred to the Midwife Center at Aarhus University Hospital (n = 1554) and Fredericia Hospital (n = 499) for routine antenatal care were invited to participate in the study at their first visit. The women were interviewed about their periconceptional and current drinking habits including average weekly alcohol consumption and binge drinking. Additionally, the women were also asked the questions related to the TWEAK questionnaire. Results. We found that the sensitivity of TWEAK to identify periconceptional risk drinking was quite low, but its ability to identify risk drinkers during pregnancy was marginally higher. Our results suggested that older age (odds ratio 1.46, 95% confidence interval 0.95-2.23), current smoking (odds ratio 2.33, 95% confidence interval 1.63-3.33), being single (odds ratio 2.38, 95% confidence interval 1.38-4.11) and a TWEAK score with a cut-off score of ≥1 (odds ratio 2.75, 95% confidence interval 2.02-3.76) increased the risk of high-risk drinking during pregnancy. Conclusions. In a Danish setting, TWEAK does not seem as an optimal screening tool to identify periconceptional risk drinkers but it may be useful in identifying high-risk drinking during pregnancy.
Introduction
Heavy daily alcohol consumption or repetitive binge drinking episodes are associated with fetal alcohol syndrome (FAS) (1), a complex disorder characterized by multiple birth defects, including growth restriction and neurodevelopmental problems. Further, excessive daily alcohol consumption increases the risk of adverse birth outcomes including fetal death (2, 3) , preterm birth (4), intrauterine growth restriction (4) and neuropsychological
Key Message
There is no clear guidance on how to identify alcohol risk drinkers among pregnant women in Scandinavia. Our results suggest that in a Danish setting, the alcohol screening tool TWEAK may be useful in identifying high-risk drinking during pregnancy. outcomes and motor function deficits (5) . Although the negative consequences of heavy alcohol consumption during pregnancy are well-established, the associations between low to moderate alcohol consumption and isolated episodes of binge drinking during pregnancy in the absence of daily alcohol intake on adverse birth outcomes are inconsistent (3) (4) (5) (6) (7) (8) (9) (10) .
The prevalence of prenatal alcohol consumption varies in the Western world. It has been estimated that 10% of pregnant American women consume alcohol (11) and higher rates (13.6-36.2%) have been reported in Europe (12) . To prevent negative prenatal and postnatal health outcomes, it is crucial to identify pregnant women who are risk drinkers. A few brief screening instruments including TWEAK (13) and T-ACE (14) have been developed for use among pregnant women. In a systematic review, Burns et al. (15) found that the T-ACE, TWEAK and AUDIT-C showed promising results for screening for risk drinking behavior. However, the effectiveness of the brief screening questionnaires has only been examined among pregnant American women with low socioeconomic status (16) (17) (18) . To select the most optimal screening instrument, it is necessary to evaluate the screening tools in different settings and populations.
The aim of the present study was to investigate the ability of TWEAK to identify alcohol risk drinkers among pregnant Danish women, using sensitivity, specificity, negative (NPV) and positive predictive values (PPV) according to different definitions of preconceptional and in-pregnancy risk drinking.
Material and methods

Setting
In Denmark, almost all pregnant women participate in the antenatal care program. From 1 March to 31 August 2000, Danish-speaking pregnant women referred to the Midwife Center at Aarhus University Hospital (n = 1554, representing every second woman attending every day) and at Fredericia Hospital (n = 499, all pregnant women) for routine antenatal care were invited to participate in this study at their first visit. Four research midwives performed personal face-to-face interviews about the women's alcohol drinking habits immediately after the first antenatal care visit or as soon as possible after the visit.
Data collection
In the interview, validated questions were asked about the average number of alcohol-containing drinks (beer, wine, fortified wine and spirits) consumed per week (19) . The average number of drinks per week was calculated as the combined intake of all subtypes. Separate, validated questions were asked on binge drinking, defined as ≥5 drinks on a single occasion and subsequently as ≥3 drinks on a single occasion (20, 21) . Two different definitions for binge drinking were used. First, ≥5 drinks for binge drinking is the most commonly used definition of binge drinking in the existing literature (22) . However, the National Institute on Alcohol Abuse and Alcoholism defines binge drinking as a pattern of drinking that brings a person's blood alcohol concentration level to 0.08 g/day or above, which typically occurs when a woman consumes ≥4 drinks in about two hours (23) . Although it may be difficult for women to differentiate between an intake of ≥5 and ≥4 drinks, women are able to make a distinction between an intake of ≥5 and ≥3 drinks (21) . Therefore, both definitions of binge drinking were included. The first definition was used where not otherwise stated. Our definition of a drink complied with the definition from the Danish Health Authority (one drink = 12 g/15 mL of pure alcohol). A detailed description of the phrasing of the questions, answer categories and validation procedure has been described previously (19) (20) (21) .
Finally, women were asked the questions of the TWEAK screening instrument (Table S1 ). TWEAK is an acronym for Tolerance, Worries, Eye-opener, Amnesia, and Kut-down (13, 15) . Two questions were included in the interview assessing tolerance: a "hold"-version (how many drinks can you hold) and a "high"-version (how many drinks does it take before you begin to feel the effects). The hold-question was used for assessing periconceptional risk drinking and the high-question was used for assessing risk drinking during pregnancy (see below). Positive answers to questions on Hold/High and Worries were scored 2, otherwise 0. Positive answers to questions on Eye-opener, Amnesia and Kut-down were scored 1, otherwise 0. The final TWEAK score was calculated as the sum of scores for each question, ranging from 0 to 7. The questions were translated from English into Danish by two independent translators (native Danes) and back into English. The final version was discussed among the translators and any disagreements were resolved. The questionnaire and specifically the understanding of the TWEAK questions were discussed among health practitioners working with pregnant women, and finally the interview questionnaire was pilot-tested among pregnant women. We used cut-off values of ≥1, ≥2, ≥3 and ≥4 for TWEAK.
We used different definitions of risk drinking. Periconceptional risk drinking was defined as either: Mediumrisk: >14 drinks/week before recognition of pregnancy OR binge drinking ≥3 times in gestational weeks 1-3 OR binge drinking in gestational week 8 or later (i.e. after recognition of pregnancy); high-risk: >14 drinks/week before recognition of pregnancy AND binge drinking ≥3 times in gestational weeks 1-3 OR binge drinking in gestational week 8 or later (i.e. after recognition of pregnancy). The cut-off of ≤14 drinks per week was in agreement with the recommendation from the Danish Health and Medicines Authority for non-pregnant women at the time of data collection (24) . Binge drinking ≥3 times OR binge drinking in gestational week 8 or later (i.e. after recognition of pregnancy) has been defined as risk drinking in a recent Danish national guideline on alcohol (25) . The recommendation concerning binge drinking ≥3 times is based on a paper on fetal death (26) and the recommendations on binge drinking from week 8 and onwards are current recommendations from the Danish Health and Medicines Authority (27) .
Risk drinking during pregnancy was defined as either: Medium-risk: intake of >3 drinks/week in the 2nd trimester OR binge drinking (≥3 drinks on a single occasion) ≥1 times. The definition of >3 drinks/week was used by Windham et al. (28) when describing increased risk of spontaneous abortion in women who drank more than three drinks per week in the second trimester (28) . Highrisk was defined as ≥3 binge episodes during pregnancy irrespective of gestational weeks (intake of ≥5 drinks on a single occasion) or ≥7 drinks/week in the 2nd trimester or binge episodes in gestational week 8 or later. Very high-risk was defined as binge episodes (intake of ≥5 drinks on a single occasion) in gestational week 8 or later or ≥7 drinks/week in the 2nd trimester. The references for binge drinking are mentioned above. An intake of ≥7 drinks/week in pregnancy has been defined as risk drinking in the recent Danish national guideline on alcohol (25) . However, the majority of women who drink alcohol in early pregnancy cut down on their intake during the first trimester (29) . We decided to include only those who continue to drink in the second trimester in order not to include those women who drink ≥7 drinks/week in early pregnancy but cut down in early pregnancy. Gestational age when filling in the questionnaire and at the interview was calculated in weeks from the last menstrual period adjusted for cycle length (92.5%). If valid information on last menstrual period was lacking, last menstrual period was based on the best available clinical judgement at the time of the interview. Information on maternal characteristics was also obtained from the interview.
Statistical analyses
The distribution of maternal characteristics is presented as counts (percentages), and the association with average alcohol intake during pregnancy was assessed using the Mantel-Haenszel test for trend.
The ability of TWEAK to measure periconceptional risk drinking and risk drinking during pregnancy was assessed using sensitivity (proportion of true positives identified by the screening test), specificity (proportion of true negatives identified by the screening test), NPV (proportion of those who screen negative who are true negatives) and PPV (proportion of those who screen positive who are true positives). Using logistic regression models, we investigated the association between high-risk drinking during pregnancy and age (<25, 25-34 and ≥35), prepregnancy body mass index (<20, 20-24, 25-29 and ≥30), smoking status (yes or no), marital status (married/cohabiting or single), length of schooling (<10, 10 or >10 years), employment status (employed, unemployed or student) and TWEAK score (0 or ≥1). No significant or clinically relevant differences between centers were found with respect to TWEAK performance and therefore only pooled results are presented.
For data analysis, the SAS software version 9.2 (SAS institute Inc., Cary, NC, USA) and STATA version 2012 software (Stata Corporation, Inc., College Station, TX, USA) were used. A 5% significance level was used for all analyses.
Ethical approval
The study was approved by the regional ethics committee (project no. 20000009) and the Danish Data Protection Agency (J.no. 2000-41-0259). All women gave written informed consent.
Results
Among the 2053 women invited to participate in the interview, 158 declined (8%), leaving 1895 women for analysis. The women who declined were not markedly different from the participating women in relation to age, smoking status, prepregnancy weight, gestational age at delivery or mean birthweight of the child. The baseline characteristics of the 1895 women included in the study are presented in Table 1 . In total, 882 women had a weekly alcohol consumption of three drinks or less, whereas 327 women consumed more than seven drinks per week. Of the women, 13.9% were less than 25 years old, 7% had a body mass index ≥30 and 17.4% were current smokers. The vast majority of the women were married or cohabiting (95.4%). In all, 63.3% had completed more than 10 years of schooling, 24.1% had no higher education, and 12.3% had completed more than 4 years of higher educational level. Of the women, 68.3% were employed and 14.9% were students. Number of drinks consumed per week tended to increase with older age, increasing body mass index, being single and higher level of education (all p-values <0.01).
In Table 2 , we present the sensitivity, specificity, NPV and PPV values of the screening test with corresponding confidence intervals (CIs). Periconceptionally, 29.2% were defined as medium-risk drinkers, whereas 4.3% were classified as high-risk drinkers. During pregnancy, more than half of the women (66%) were defined as medium-risk drinkers, 11.4% met the criteria for high-risk drinking and 3.6% of the women were classified as very high-risk drinkers. TWEAK demonstrated a sensitivity of 1.3-62.9% in predicting periconceptional medium-risk drinking when using different cut-off scores and "hold" versions. In contrast, the specificity for TWEAK using different cut-off scores and "hold" versions varied between 61.7 and 99.6% and the PPV ranged between 40.4 and 58.3% between the different cut-off scores. For periconceptional drinking, TWEAK generally demonstrated comparable sensitivity, specificity and PPV for medium-risk and high-risk drinkers. In general, the NPV was markedly lower for medium risk drinkers than for high-risk drinkers. For risk drinking during pregnancy, TWEAK demonstrated a sensitivity of 55.6% in predicting medium-risk drinking during pregnancy when using the cutoff score of ≥1. However, using the cut-off score of ≥3, the sensitivity decreased markedly to only 2.6%. In contrast, the specificity and PPV increased with increasing cut-off scores. We observed similar trends for high-risk and very high-risk drinking during pregnancy. The NPV for medium-risk drinking were very low compared with the NPV for high-and very high-risk drinking. Table 3 presents the odds ratios for high-risk drinking during pregnancy. Current smokers had a twofold increased risk of high-risk drinking compared with non-smokers (odds ratio 2.33, 95% CI 1.63-3.33). Similarly, single women had an increased risk of being high-risk drinkers compared with married or cohabiting women (odds ratio 2.38, 95% CI 1.38-4.11). Women who had a TWEAK 
Discussion
In the present study, we found that the ability of the TWEAK instrument to identify periconceptional risk drinking was quite low. The sensitivity of TWEAK to identify risk drinking during pregnancy was marginally higher. For high-risk drinking, the NPV of TWEAK was overall very high both periconceptionally and during pregnancy, indicating that TWEAK is an effective screening tool for identification of women with an unproblematic alcohol consumption. In contrast, the NPV of TWEAK was very low for medium-risk drinking. We found that current cigarette smoking, being single and a TWEAK cut-off score of ≥1 were statistically significantly associated with an increased risk of high-risk drinking during pregnancy. Our results concerning the ability of TWEAK to identify periconceptional risk drinking differ from findings in two American studies. In a study by Russell et al. (16) including 4743 black women of low socioeconomic status, the authors investigated the sensitivity, specificity and PPV of TWEAK using the "high" version to identify periconceptional risk drinking defined as ≥14 drinks per NPV, negative predictive value; PPV, positive predictive value. TWEAK: T, tolerance, how many drinks can you hold ("hold" f , ≥7 drinks/week indicates tolerance, "hold" g , ≥14 drinks/week indicates tolerance) or how many drinks can you take before you begin to feel the effects ("high" version ≥3 drinks/week indicates tolerance); W, have close friends or relatives worried or complaining about your drinking in the last year, E, eye-openers: do you sometimes take a drink in the morning when you first get up; A, amnesia: has a friend or family member ever told you about things you said or did while you were drinking that you could not remember; K: kut down. Do you sometimes feel the need to cut down on your drinking? a Periconceptional medium-risk drinking was defined as >14 drinks/week before recognition of pregnancy or ≥3 binge episodes in gestational weeks 1-3 or binge episodes in gestational week 8 or later.
b Periconceptional high-risk drinking was defined as >14 drinks/week before recognition of pregnancy and ≥3 binge episodes in gestational weeks 1-3 or binge episodes in gestational week 8 or later.
c Medium-risk was defined as ≥1 binge episode (intake of ≥3 drinks on a single occasion) or >3 drinks/week in the 2nd trimester. High-risk was defined as ≥3 binge episodes during pregnancy irrespective of gestational weeks (intake of ≥5 drinks on a single occasion) or ≥7 drinks/week in the 2nd trimester or binge episodes in gestational week 8 or later.
e Very high-risk was defined as binge episodes (intake of ≥5 drinks on a single occasion) in gestational week 8 or later or ≥7 drinks/week in the 2nd trimester. f "hold", ≥7 drinks/week indicates tolerance. week. For the cut-off value ≥1, the authors observed a sensitivity of TWEAK of 87% and a specificity and PPV of 72% and 16%, respectively. When using the cut-off value ≥3, they observed a sensitivity of 59%, whereas the specificity was 94% and the PPV 39%. In another paper by Russell et al. (17) using a subgroup of 2717 women in the aforementioned study, the authors investigated the efficacy of screening for periconceptional risk drinking using the "hold" version of TWEAK (17) . Periconceptional risk drinking was similarly defined as ≥14 drinks per week. The authors observed a sensitivity of TWEAK of 91% when using the cut point ≥2 and a specificity and PPV of 77% and 22%, respectively. When using the cutoff point ≥3, the sensitivity of TWEAK decreased to 67%, while the specificity (92%) and PPV (39%) increased. The observed differences in the efficacy of TWEAK to identify periconceptional risk drinking may be explained by differences in the study populations. TWEAK has been developed to identify periconceptional risk drinking. However, in Denmark periconceptional risk drinking is common among fertile women and is not necessarily associated with lower socioeconomic status (29) and most Danish women reduce their alcohol consumption after recognition of pregnancy (29) . Finally, our study population represents the general population, which may differ significantly from the study populations in previous American studies. It is possible that American women with lower socioeconomic status do not change their risk behavior drinking after recognition of pregnancy, which may explain the observed differences in the ability of TWEAK to identify periconceptional risk drinking. In contrast, our results regarding high-risk drinking during pregnancy are in accordance with the results from a study including 404 predominantly (92%) Hispanic, African-American women (18) . The authors found that TWEAK identified high-risk drinking with a sensitivity of 71% and a specificity of 73%, which corresponds well with our results despite large differences in the study populations. Thereby, the efficacy of TWEAK to identify high-risk drinkers during pregnancy were similar regardless of study population and setting. Additionally, the study showed that cigarette smoking was associated with high-risk drinking (odds ratio 8.1, 95% CI 3.7-17.9), which is in accordance with our results. The reported differences in the ability of TWEAK to identify risk drinking underlines that screening tools may not always be transferable directly between different settings and populations. It is therefore important to evaluate any screening tool before implementing it in a new clinical setting.
The major strength of our study is the unselected group of women and that trained midwifes performed the interviews. Furthermore, our definition of risk drinking was in general similar or comparable to previous definitions. However, our study also has some limitations. Because valid biomarkers for alcohol intake are not available, information of alcohol consumption relied on selfreported data, which increases the risk of recall bias and underreporting of alcohol intake. Even so, our alcohol measures have previously been shown to provide valid information relative to other measures of alcohol intake (19) (20) (21) . However, TWEAK was developed to ascertain prenatal risk drinking indirectly, as it was thought that this would facilitate more honest reporting (15) . Another potential limitation may be that TWEAK was used after the frequency/quantity questions and knowledge of responses to previous questions could therefore have affected the responses to TWEAK. However, the women had no knowledge of any definition of risk drinking used in this paper and therefore it is unlikely to have affected the responses. Finally, it is possible that the women who declined to participate consumed more alcohol than the participating women. Thereby, the sensitivity of TWEAK would be weakened. However, as no differences in gestational age and birthweight of babies at delivery were observed, we consider it less likely that there were any major differences in alcohol consumption between nonparticipating and participating women. Though the prevalence of risk drinking during pregnancy is low, it is associated with adverse outcomes. Therefore, screening of risk drinking among pregnant women is warranted. If it is possible to identify women with risk drinking behavior, it may be possible to perform targeted interventions. The simplest and least expensive method of assessing risk drinking during pregnancy is by means of brief screening instruments that can be administered during prenatal medical visits (16) , and screening in combination with brief interventions has been found to decrease alcohol consumption during pregnancy (30) .
There is at present no clear guidance on how to ask pregnant women about alcohol consumption. However, TWEAK, T-ACE and AUDIT-C have been found to be promising screening tools for identifying risk drinking in pregnant women. They are easy to administer by health practitioners as part of antenatal care. In a Danish setting, TWEAK does not seem to be an optimal screening tool to identify periconceptional risk drinkers, but it may be more useful for identifying high-risk drinking during pregnancy.
